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Annual average daily traffic (AADT) is the average 24-hour traffic volume at a roadway location 3 over an entire year. AADT is required for many transportation analyses including economic 4 evaluation of highway safety projects, estimation of highway user revenues, computation of 5 highway statistics such as vehicle miles traveled (VMT), development of improvement and 6 maintenance programs, etc. 7
One well-known application of AADT is in the calculation of crash rates. As part of the 8 new Highway Safety Improvement Program (HSIP) of the Federal Highway Administration 9 (FHWA), states are required to submit an annual report describing no less than 5% of their 10 highway locations on all public roads that exhibit the most severe safety needs (1). To submit the 11 annual 5% reports (also known as Transparency Report), the Florida Department of 12 Transportation (FDOT) needs to have AADTs for all roads in Florida; however, FDOT estimated 13
AADTs for only its state roads but not the local roads. 14 In addition to the need for 5% reporting, AADT is also a required input to SafetyAnalyst 15
(2), a new safety analysis software released by the American Association of State Highway and 16 Transportation Officials (AASHTO). The software aims at providing state and local highway 17 agencies with a comprehensive set of tools to enhance their programming of site-specific 18 highway safety improvements. FDOT is interested in deploying SafetyAnalyst for all roads in 19
Florida. Because AADT is a required input to SafetyAnalyst, FDOT was, again, faced with the 20 problem of not having AADTs for local roads. 21
The most accurate method for obtaining the AADT of a roadway segment is to install an 22
Automatic Traffic Recorder (ATR) to count the total volumes continuously throughout the entire 23 year. However, because the installation and maintenance of permanent counters are expensive, 24 the number of permanent counters is typically limited. Therefore, it is not economically feasible 25 to apply this method of AADT estimation on a widespread basis. 26 An alternative approach to estimating AADT is to use portable counts, also called short-27 term, seasonal, or coverage counts. The collected short-term volumes on the interested roads are 28 then used to calculate Average Daily Traffic (ADT) which is then converted to AADT by 29 applying some adjustment factors. This factor approach is more economically feasible than the 30 permanent count method, but is still too costly to cover the local roads, which number over two 31 million segments in the state of Florida. Different from the traditional travel demand model, which attempts to simulate the 3 choices that the travelers may make during the entire trip from the origination to the destination, 4
the parcel-level model attempts to simulate choices that travelers may make in response to the 5 given local street system. The model does not include the mode choice step as the transit trips 6 and other modes are insignificant on local roads. The functionalities of each step involved in the 7 parcel-level travel demand analysis model are as follows: 8  Network Modeling defines the boundaries of the study area, prepares and preprocesses 9 the roadway network, parcel, and traffic counts data, and sets up the network 10 representation of the roadway linked with parcels and traffic count sites. 11
 Parcel-level Trip Generation estimates the number of vehicle trips generated by each 12 parcel in the study area. The estimation is calculated based on the land use type of each 13 parcel and its corresponding ITE trip generation rate. 14  Parcel-level Trip Distribution determines where the trips generated by each parcel will 15 go. It determines the number of trips between a parcel and a traffic count site based on 16 traffic count data (or AADT estimated from the count data) and the shortest travel time 17 between them.
18
 Parcel-level Trip Assignment predicts the routes the travelers will take to reach the traffic 19 count sites on major roads, resulting in the estimated AADTs of local roads in the study 20 area. 21
In the network modeling step, the study area boundary, commonly called the cordon line, 22 is defined. Unabridged roadway network data, detailed parcel data, and traffic count sites data 23
were used in the analysis. Similar to the traditional travel demand model, centroids and centroid 24 connectors were created. Each parcel was assigned a centroid and a centroid connector to 25 represent access to a neighboring road segment. An example of a subarea with the added centroid 26 connectors connecting the parcels and the closest roads is shown in Figure 1 . The green polygons 27 represent the parcel boundaries; the blue lines represent the roadway; and the gray lines are the 28 added centroid connectors. 29
Parcel-level trip generation is the process to estimate and quantify the number of trips 30 each parcel will generate. In this application, this step was implemented using both the 31 Department of Revenue (DOR) parcel data and the trip generation rates and regression equations 32 provided by ITE Trip Generation Report (5). 33
The DOR parcel data has 100 land use types for the parcels, and the ITE Trip Generation 34
Report provides trip generation rates and/or equations for 10 main land use categories and 162 35 sub-categories. The two types of land use categories were matched to estimate the parcel trips. In 36 the case that a parcel land use type encompasses multiple ITE land use categories, the results 37 were averaged and weighted by an estimate of the relative presence of each ITE land use 38 category in the study area. The calculation can be expressed as follows: 39 40 For most of the land use types, the ITE trip generation rates/equations are based 12 on dwelling units or areas, which are also the attributes of a parcel in the parcel database. Hence, 13 for a majority of parcels, the trip generation can be calculated directly by using the parcel data. 14 However, for land use types of which the corresponding independent variable used by ITE rates 15 is a size attribute that is different from the parcel data, they are adjusted by the ratio between the 1 ITE and parcel based mean values using the following equation:
where, 6 T = number of vehicle trips generated by a parcel; 7 F = the ITE trip generation function (either regression equation or average trip rate, 8 which can be regarded as a special linear regression); 9 X = independent variable such as dwelling units, gross floor area, etc.; and 10 R = the ratio of mean values between the ITE independent variable and the parcel 11 size attribute. 12 13
Due to the lack of other demographic and land use data for a few uncommon land use 14 types, the proportion of ITE land use type P i in Equation (1) 
where, 22
T average = the final estimated number of daily trips generated by a parcel, 23
T weekday = average weekday trips generated by a parcel, 24
T Saturday = Saturday trips generated by a parcel, and 25
T Sunday = Sunday trips generated by a parcel. 26 27
Similar to the traditional travel demand model, parcel-level trip distribution is also 28 derived from Newton's law of gravity. However, the trips are distributed between the parcels and 29 the traffic count sites instead of among the zones. To distribute trips, all the parcels have only 30 productions and no attractions, and all the traffic count sites have only attractions and no 31 productions. Productions of a parcel are the trips generated in the parcel-level trip generation 32 step, and the attractions of a traffic count site are either the traffic count data or AADT estimated 33 from the traffic count data. In addition, while traditional travel demand model usually includes 34 the effects of multiple travel impedance factors, such as travel time, cost, etc., parcel-level trip 35 distribution considers only the shortest free-flow travel time. This is expedient because travel 36 time is the major factor that determines trips on local roads, and travelers will most likely choose 37 the fastest path to access major roads to reach their destinations. The parcel-level trip distribution 38 can be expressed as follows: 39 40 where, 1 T ij = daily vehicle trips between parcel i and traffic count site j, 2 T i = total daily vehicle trips generated by parcel i, 3
A j = AADT estimated from traffic count volume at traffic count site j, 4 D ij = the shortest free flow travel time between parcel i and traffic count site j, and 5 n = number of traffic count sites. 6 7
It should be noted that, since the parcel-level trip distribution step distributes the trips 8 from the parcels to the nearby traffic count sites, enough traffic count data are required to evenly 9 cover the entire study area. Uneven coverage of traffic count sites may cause inaccurate 10 distribution of trips. 11
For traffic assignment, the traditional travel demand model commonly assigns trips using 12 an all-or-nothing with capacity restraint method, also known as the equilibrium assignment 13 method. In this application, only the simple all-or-nothing assignment method is needed because 14 congestion seldom happens on local roads. In other words, for the same reason that affects the 15 trip distribution step, the travelers' route selection is based mainly on the free-flow travel time to 16 the nearby major roads. The simple all-or-nothing assignment also improved the efficiency of the 17 model as it involves only one iteration. 18
After the trips for all of the parcels were assigned to the local roads, the AADT is 19 estimated as the sum of trips in both the directions for a roadway segment. and customize the library programs to implement the model. Figure 2 shows the system 28 components and procedure used to estimate AADT. The procedure includes the following sub-29 steps: 30  ArcGIS is used to preprocess the input data for the model including the DOR parcel data, 31 unabridged highway network data, and traffic count sites data. 32  The preprocessed input data are imported into Cube, and the highway network is built 33 from the unabridged roadway shape file. 34  The built highway network is used by the network modeling step to calculate the free 35 flow travel time skim matrix. 36  The parcel-level trip generation step is performed by using the merged DOR parcel data 37 and traffic count site data as well as the trip generation rates and regression equations 38 provided by the ITE Trip Generation Report. 39  A parcel-level trip distribution gravity model is used to distribute the generated trips 40 between the parcels and the nearby traffic count sites. 41  The distributed trips are assigned to the network using all-or-nothing assignment method 42 in the parcel-level trip assignment step.
43
 The traffic volume data of the loaded network are exported, and ArcGIS is used again to 44 calculate the final AADTs, which are then joined to the original roadway network to 45 obtain the roadway network with AADTs. 46
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Paper revised from original submittal. ArcGIS ModelBuilder, which provides a visual programming environment allowing users 5 to graphically link geoprocessing tools into models, was used to implement the ArcGIS 6 component. While the models built with ModelBuilder can be executed directly in ArcGIS, they 7 can also be exported to scripting language such as Python. The Python scripts can be called with 8 the Cube Voyager Pilot program, so theoretically all the steps of the ArcGIS part can be 9 integrated into Cube to simplify the execution of the entire model. However, because this part of 10 the procedure requires some geo-processing tools that are supported only by ArcGIS 10.0, which 11 is not compatible with the current version of Cube (5.1.3), integration of ArcGIS into Cube could 12 not be realized. Nevertheless, this incompatibility would not affect the results of the entire 13 model. 14 Figure 3 shows the model steps and the input and output files for each steps implemented 15 in Cube. When the model is run, the four steps are executed in sequence, and the output files of a 16 preceding step become the input files of a later step. It is noted that if there were no compatibility 17 problems as mentioned above, the ArcGIS part of the procedure could have been combined with 18 Cube, and the steps shown in Figure 3 would be all the steps involved in the entire model. 19 Table 1 summarizes the input and output files for each step. There are two input files for 20
Cube: the network file preprocessed by ArcGIS, and the DBF file for the merged parcels and 21 traffic count sites shape file which is also generated by ArcGIS. There is one output file 22 generated by the Cube part, i.e., the DBF link file with the traffic volume information exported 23 from the loaded network assigned in the parcel-level trip assignment step. Among the steps, the 24 output files of a preceding step become the input files of a later step. 25 Because the actual AADT values for local roads were not available, the AADTs estimated from 8 short-term traffic count data had to be used as the ground truths for model evaluation in this 9 study. To quantify the estimation error, the mean absolute percentage error (MAPE), calculated 10 as follows, was used: 11 12 includes over 4,000,000 parcels. However, Cube 5.1.3 can only process a maximum of 32,000 7 zones (or parcels in this application) at a time. A total of 10 subareas with a total of 78 evaluating 8 count sites were selected to cover diverse areas in this evaluation. An example map of the 9 subareas is shown in Figure 4 . Two types of count sites are shown in this map. One is the 10 estimation count sites on the major roads (indicated by circular dots in the map) which are used 11 to estimate the AADTs, and the other is evaluation count sites on the minor roads (indicated by 12 the triangles in the map) which are used to evaluate the estimation results. 13 14
15
FIGURE 4 An example of the subareas. 16 Figures 5 and 6 compare the overall performance of the regression method and the 17 proposed method, respectively. As shown in the figures, the maximum AADT is lower than 18 30,000 vehicles/day and within a reasonable range, since all the testing locations were on local 19 roads. From Figure 5 , it can be seen that the regression models tend to overestimate AADT. The 20 plotted dots in Figure 6 show that the results of the proposed method are distributed more evenly 21 on both sides of the 45-degree sloping line than in Figure 5 . 22
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Paper revised from original submittal. 8 Depending on the availability of traffic count data, most of the traffic count sites used for 9 this evaluation are located on local roads that are directly connected to the state roads. The 10 lower-level local roads such as the community roads were not used in this evaluation because of 11 the lack of traffic count data. However, the proposed method is expected to perform better even 12 for lower-level local roads as its trip generation is based on detailed parcel level data. To verify 13 this assumption, the AADTs estimated using the two methods for the available lower-level local 14 roads were checked and compared. Figure 7 shows the estimation results for the roads in a 15 community of approximately 160 houses. In this figure, the AADTs estimated from the proposed 16 method and the regression method are displayed in red and green, respectively. It can be seen 17 that the AADTs estimated by the regression method were unreasonably high. One reason that the 18 regression method significantly overestimated the AADTs in this case was due to their inability 19 to recognize that the layout of the local roads was designed such that through traffic, if any, was 20 minimal. 21 22 CONCLUSIONS 23 24
Annual average daily traffic (AADT) data are needed to identify high crash locations on all 25 public roads for 5% reporting as mandated by FHWA. They are also required for input to the 26 newly released SafetyAnalyst software application. The lack of AADT data, especially for the 27 vast local road networks, prevents such application from being deployed to improve safety on 28 local roads. This paper described a parcel-level travel demand model that was developed to 29 estimate AADTs for local roads. Compared to results from a set of existing regression models, 30 the parcel-level demand model improved the accuracy of AADT estimation for local roads by 31 159% based on the MAPE measure. A major component of the proposed model involves a 32 parcel-level trip generation model that estimates the trips generated by each parcel. The model 33 makes use of the tax parcel data together with trip generation rates from the Institute of 34
Transportation Engineers (ITE) Trip Generation Report. One advantage of using tax parcel data 35 is that the data is updated at least annually, making it possible to update the AADTs in response 1 to lane use changes. One disadvantage of the proposed model is the large number of parcels that 2 have to be preprocessed to improve the model's efficiency. For applications involving large 3 areas, the study area has to be divided into multiple subareas and run the model separately. In 4 addition, the model also requires that there not only be sufficient traffic count data to cover the 5 entire study area, but they should be relatively evenly spaced, as uneven coverage of traffic count 6 sites may result in inaccurate distribution of trips. 7 8 9 10 FIGURE 7 Example of AADT estimation for local roads in a community. 11 
